C values from −12 to −18.1 ‰), with most of the species at TL4 (δ 15 N values from 17 to 23 ‰), whereas Orcinus orca occupied TL5 (25.8 ‰ maximum value). The odontocetes Mesoplodon peruvianus, Globicephala macrorhynchus, Grampus griseus, Kogia sima, Delphinus delphis, D. capensis, and Tursiops truncatus had both GC resident and visitor representatives, and the latter 3 species showed a significant degree of trophic and habitat overlap.
INTRODUCTION
The marine mammal fauna of the Gulf of California (GC) includes ~32 species of cetaceans and pinni peds (Aurioles-Gamboa 1993 , Urbán et al. 1997 , including the endemic vaquita Phocoena sinus, a genetically isolated population of fin whale Balaeno ptera physalus (Bérubé et al. 2002 , Nigenda-Morales et al. 2008 , and the California sea lion Zalophus californianus (González-Suárez et al. 2009 , Schramm et al. 2009 ). This marine mammal diversity is due, in part, to the high biological productivity of the GC which sustains the most important fisheries of Mexico, contributing more than 80% of the national sardine catch (up to 500 000 t, primarily Sardinops caeruleus; CisnerosMata et al. 1995 
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N were acquired from particulate organic matter (POM) of surface sediment, zooplankton, mollusks, crustaceans, fish, and marine mammals in the GC to construct a general trophic structure and were complemented with additional isotope data from the literature. Aims were to: estimate marine mammal trophic levels and habitat preferences; distinguish between GC residents and visitors; and assess potential trophic overlap among the most common and abundant cetacean species. Trophic level 1 (TL1), represented by POM, showed average (± SD) δ 13 C and δ 15 N values of −21.4 ± 0.5 ‰ and 9.6 ± 0.7 ‰, bulk zooplankton (TL2) showed −18.8 ± 0.7 ‰ and 11.8 ± 1.4 ‰, while TL3, represented by baleen whales, some fish, squid, and seabirds, showed δ 13 C values between −13 and −16 ‰ and δ 15 N values between 16.5 and 20 ‰. Marine mammals occupied the entire coastal and pelagic isotope gradient (δ squid Dosidicus gigas catch (Mo rales- Bojórquez et al. 2001) , and more than 60% of the national shrimp catch (Galindo-Bect et al. 2010) . This productivity at distinct trophic levels is exploited by resident and visitor species in distinct habitats. The food resources appear to concentrate in some areas along the GC in both coastal (< 200 m depth) and pelagic (> 200 m depth) environments, producing hot spots for many marine mammals (Lluch-Cota et al. 2007) .
The usage of the distinct habitats in the GC by marine mammals is still largely unknown, due to our limited knowledge of their feeding habits and habitat preferences, particularly for some of the pelagic species. The feeding habits of species such as the California sea lion have been extensively studied using scat ana lyses (Aurioles-Gamboa et al. 1984 , García-Rodríguez & Aurioles-Gamboa 2004 ; however, cetaceans, being a highly mobile and very diverse group, are more difficult to study using these approaches (Del Ángel-Rodríguez 1997) .
As an alternative, the use of stable isotope analysis (SIA) can be applied to trophic studies, as stable isotope values of consumed food are reflected in consumer tissue. The isotopic value of a consumer is typically higher than that of its diet because the lighter isotope ( 12 C or 14 N) is preferentially exhaled or excreted during metabolic processes. The difference in isotope composition between a consumer and its diet is commonly called a trophic discrimination (Kelly 2000 , Newsome et al. 2007 , Graham et al. 2010 . Differences in the rate at which tissues incorporate isotopes allow ecologists to characterize diets at a variety of temporal scales. Metabolically active tissues with continuous turnover, such as blood, may provide isotope information from days to weeks (serum versus red cells), whereas muscle or skin may represent dietary inputs integrated over 2 to 3 mo (Tieszen et al. 1983 , Hobson et al. 1996 , Kurle 2002 , Kurle & Worthy 2002 . Bone collagen is of particular importance in the study of marine mammals that are difficult to sample in the field, because it can be collected from stranded or beach-cast animals. In particular, the tooth collagen, which is deposited sequentially without chemical alteration (Hobson & Sease 1998 , Newsome et al. 2006 ), enables reconstruction of the feeding habits throughout the life of an individual.
SIA has also been used to assess the structure and dynamics of communities, leading to breakthroughs in the use of quantitative estimates of trophic levels and degree of individual specialization (Peterson & Fry 1987 , Cabana & Rasmussen 1996 , Vander Zanden & Rasmussen 2001 , Vander Zanden et al. 2010 . To estimate trophic position, it is assumed that nitrogen isotope (δ 15 N) values increase by 3 to 4 ‰ per trophic level in marine trophic webs (Kelly 2000 , thus the consumer's δ 15 N value is compared with that of the base of the food web (phytoplankton) or primary consumer (zooplankton) in the ecosystem (Cabana & Rasmussen 1996 , Vander Zanden & Rasmussen 2001 .
Here we analyzed a dataset of carbon (δ 13 C) and nitrogen (δ 15 N) isotope values from distinct marine organisms including values derived from skull bone and tooth collagen of marine mammal specimens collected from 1985 to 2011 along the GC. The dataset was complemented with values of other marine organisms published in the literature. Our goals were to: (1) estimate the trophic level and main habitat for each marine mammal species, (2) explore potential trophic overlap for the most common and abundant odontocetes in the GC, viz. bottlenose dolphin Tursiops truncatus, short-beaked common dolphin Delphinus delphis, and long-beaked common dolphin D. capensis (Gerrodette et al. 2008 , Carretta et al. 2011 , Rosales-Nanduca et al. 2011 , and (3) identify resident species versus seasonal/temporary visitors. This last aim was possible because GC organisms show significantly higher δ 15 N values than conspecifics from other nearby regions due to enriched values of δ 15 N at the base of the food web under the influence of the extensive denitrification region in the southern part of the GC (Altabet et al. 1999 , Voss et al. 2001 .
Determining how marine mammals exploit and use the distinct trophic levels and habitats of the GC will help us understand marine mammal diversity and identify potential areas of conflict with local fisheries in this productive region.
MATERIALS AND METHODS
We used data from 2 sources. First, we used isotope values from organisms and surface sediments which included 20 samples of particulate organic matter (POM) in surface sediments, 111 from bulk zooplankton, 4 from mollusks, 51 from 18 species of fish, 4 from 3 species of birds, and 187 samples from 14 species of marine mammals (Table 1) . The marine mammal samples came from bone and teeth from the CICIMAR-IPN collection with sampling areas indicated in Table 1 and Fig. 1 . The second data source was a compilation of carbon and nitrogen isotope values from distinct organisms throughout the GC (Table 1) , which we used to complete a general trophic structure and estimate the isotope discrimination between trophic levels of the food web. The entire dataset included a total of 38 species or groups from sediments, zooplankton, invertebrates, fish, birds, and mammals.
Identification of marine mammal species
Most of the specimens from which skulls or teeth were collected were identified in the field using general keys (Leatherwood et al. 1983 , Evans 1987 , except for skulls of the short-beaked and longbeaked common dolphins Delphinus delphis and D. capensis (for which we used the work by Heyning & Perrin 1994 ) and for Peruvian beaked whale Mesoplodon peruvianus, for which the species description by Reyes et al. (1991) was employed.
Sampling and preparation of samples

Surface sediments
To obtain the POM from the first centimeters of surface sediment, samples were taken in June 2010 with Demineralization to eliminate inorganic carbonates present in the sediments was conducted with re peated solutions of HCl (0.2 N) until effervescence ceased. Subsequently, samples were rinsed with dis tilled water to remove the excess acid, dried at 60°C in a drying oven, and ground to homogenize the sample. Around 25 mg of sedi ment were encapsulated in tin cups for isotope analysis.
Zooplankton
Surface samples of bulk zooplankton were taken during day and night along transects across all regions of the GC during 3 oceanographic cruises in 2007 , 2008 . Sampling was conducted with a conical net of 60 cm mouth diameter and mesh size of 505 µm, during surface tows at a speed of 2.5 knots. The samples were frozen at −20°C, then rinsed with distilled water to remove salts, and demineralized in HCl (0.2 N) for a period of 24 to 48 h. The samples were then homo genized and ground.
Muscle
Samples of mollusk, crustacean, and fish muscle from the upper GC, central, and southern GC were collected in the vicinity of Rocas Consag (center of the vaquita geographic distribution) and San Esteban Sill (Fig. 1 ). Samples were frozen at −20°C, rinsed with distilled water to remove remains of salt, and then dried at 60°C. The dry samples were homogenized to a fine powder.
Bone and dentin
To obtain bone collagen, we detached a piece of skull that was later ground in an agate mortar and demineralized with HCl (0.5 N) to separate the organic component. In the case of dentin samples, each of the growth layer groups (GLGs) was collected using a high precision drill Micro-Mill System , Riofrío-Lazo et al. 2012 . The process included dentin samples from California sea lions collected from rookeries along the GC to characterize their isotope values per rookery as well as regions along the GC. In the case of the one specimen of killer whale Orcinus orca with available teeth, we attempted to reconstruct its ontogenetic isotope profile based on the assumption that this individual could have preyed on other marine mammals (Table 1) . Bone samples were ground in an agate mortar, dentin samples of each GLG were demineralized with HCl (10%), and finally both samples of bone and dentin were rinsed with distilled water and dried at 60°C. All of the bone or teeth samples processed to obtain collagen were obtained from adult animals collected between 1979 and 2011. Muscle, bone, and dentin samples weighed between 0.8 and 1.2 mg and were stored in tin capsules. Samples of muscle tissue of marine organisms were processed in most cases, whereas for zooplankton, bulk samples were analyzed without separation of taxonomic groups. In some cases, skin samples of marine mammals from the literature (Table 1) were used to complement our isotope dataset based on bone and tooth tissues.
Although lipid extraction is used during tissue processing to remove variability in δ 13 C associated with varying lipid content, samples were not treated to eliminate lipids due to conflicting results in marine and freshwater species suggesting side effects in δ 15 N values and estimates of trophic level (Murry et al. 2006 , Post et al. 2007 , Logan et al. 2008 , Hoffman & Sutton 2010 . In order to preserve the integrity of samples for δ 15 N analysis and to avoid bias in the δ 13 C interpretation, we used samples whose C:N ratios were < 3.5 (Post et al. 2007 ).
All isotope analyses were conducted in the Stable Isotope Laboratory of the University of California at Davis with a Carlo-Erba-Finnigan Delta Plus XL mass spectrometer interfaced with an NC 2500 elemental analyzer, which has an accuracy of ~0.2 ‰ for δ C data available from marine organisms and particulate POM in sediments from the GC (Table 1) were employed to obtain a correlation and estimate its statistical confidence to distinguish organisms belonging to the trophic structure of the GC. The analysis was used to place each component of the GC food web into distinct trophic levels and to estimate the isotopic discrimination between these trophic levels.
Some specimens had isotope values within the confidence limits of the food web, but their δ 15 N value corresponded to a trophic level that was too low according to the general knowledge of diet composition and expected trophic position of marine mammals (Pauly et al. 1998 ). For instance, some pelagic odontocetes known to feed on fish and squid had similar δ N values of organic matter in surface sediment, POM), and Δ = fractionation values found in this study to represent the GC food web, which were obtained from an average of all trophic level differences between consumers and their potential prey. To complement the information of trophic level for the fish species analyzed here, we used the criteria of Froese & Pauly (2012) .
Euphausiids and copepods are the main components of zooplankton in biomass along the GC and are mostly primary consumers (Sánchez-Velasco et al. 2009 ).
Mean δ 15 N values of bulk zooplankton were considered to define trophic level 2 (TL2; Miller et al. 2010 ) because marine filter feeders, such as baleen whales, consume zooplankton swarms indiscriminately.
To estimate and compare trophic breadth of the 3 most abundant species of dolphins in the GC (Tursiops truncatus, Delphinus delphis, and D. capensis), we constructed the convex hull area based on the δ 13 C and δ
15
N values and evaluated the degree of over lap assessed with an ANOVA as a general ap proach where populations that consume a wide range of prey species will exhibit wider variation in their tissue isotopic signatures than those consuming a narrower range of prey items (Bearhop et al. 2004 ).
Prey contribution analysis for a killer whale diet
To assess the contribution in percentage of marine mammals considered as potential prey in the diet of a killer whale specimen, a multisource SIAR (stable isotope analysis in R) model was used (Parnell et al. 2010) . The SIAR Bayesian mixture model offers the advantage of allowing the incorporation of multiple sources and the assessment of the uncertainty associated with the isotopic values from the prey with respect to those of the predator (Parnell et al. 2008 (Parnell et al. , 2010 . Other previous models limit the number of sources or do not consider the effect of associated variability.
RESULTS
A total of 377 samples of 14 marine mammal species, 3 bird species, 18 fish species, and 1 mollusk species were collected and analyzed, including 20 surface sediment samples collected in the upper GC in 2010 and 111 samples of bulk zooplankton collected during cruises along the GC in 2007, 2008 and 2010. These were used to estimate δ 13 C and δ 15 N values and construct, along with additional isotope data from the literature, a trophic structure from the GC (Fig. 2A, Table 1 ). Fig. 2A) . In the absence of sufficient isotope values for phytoplankton, we used the δ 15 N value of POM (Altabet et al. 1999 , Aguiñiga et al. 2010 to approximate the first trophic level (TL1) in order to complete our food web structure and estimate the overall degree of isotope discrimination up the entire food web. Bulk zooplankton collected in distinct regions of the GC (Table 1) had values of −18.8 ± 0.7 ‰ and 11.8 ± 1.4 ‰ for δ 13 C and δ 15 N, respectively, and these values were used to estimate an average and SD of this component and set the second trophic level (TL2) for the GC (Fig. 2A) . N values of baleen whales is a group of fishes (herbivores and carnivores) and the Humboldt squid, which fall around TL3 ( Fig. 2A) . These species are the typical food for many other marine mammals in the GC located above these species in the δ 15 N gradient, including some species of sharks and sea birds ( Fig. 2A) . In this group, the California sea lion is among the most common and abundant marine mammals of the GC, with δ N values from some mammals (symbols) that failed to fit inside the confidence limits derived from the regression line from the food web in the GC (Fig. 2A) . Some other isotope values were inside the confidence limits but were located at a trophic level that did not correspond to the what is known for this or other areas of the world, particularly odontocetes falling between TL4 and TL5 (Pauly et al. 1998 ). Values of δ 13 C for teutophagous odontocetes such as pilot whales Globicephala macrorhynchus, Risso's dolphins Grampus griseus, and dwarf sperm whales Kogia sima, which are considered GC residents, averaged −14.4 ± 0.6 ‰ and were significantly distinct from those representatives from outside of the GC with −18.3 ± 2.6 ‰ (U = 23, p = 0.005). In the case of GC piscivorous odontocetes such as the bottlenose, short-beaked, and longbeaked common dolphins, carbon values were also distinct, at −13.1 ± 0.8 ‰ compared to −15.7 ± 2.4 ‰ from outsiders (U = 86, p < 0.05). Similarly, the δ 15 N value of GC teutophagous odontocetes was 18.7 ± 0.8 ‰, which was significantly different from 16.8 ± 1.5 ‰ measured in outsiders (U = 20, p = 0.003). On the other hand, piscivorous odontocetes from the GC had a δ 15 N value of 19.5 ± 1.8 ‰ in contrast to 15.7 ± 1.1 ‰ in outsiders (U = 16, p < 0.05).
The δ 15 N of marine mammals consuming fish and squid in the GC corresponded to trophic levels from near TL4 or higher, while many of the specimens from outside the GC had values corresponding to TL3 or lower (Fig. 2B) .
Isotope values for marine mammals resident in the GC
Baleen whales had δ 15 N values near TL3 or belowthe lowest trophic position of the marine mammal group; this was expected given that they are zooplankton filter feeders (Fig. 3 ). Above these 2 species, we found several species of odontocetes with relatively higher δ (Fig. 3) .
A tooth from a killer whale (O. orca B) stranded in 2009 provided a series of dentin growth layers with low and high δ N during most of its adult stage fluctuated between 22 and 25.8 ‰, setting this specimen at TL5, which should correspond to a marine mammal predator or a transient-type orca (Fig. 3) .
Another species with poorly known feeding habits is the vaquita, which showed slightly higher average δ 15 N values (22.4 ± 1.2 ‰) than California sea lion (20.9 ± 0.9 ‰; Table 1 ). The vaquita also had the most enriched δ 13 C values (−11.3 ± 0.6 ‰) of our dataset of marine mammals (Fig. 3, Table 1 ), placing it at the extreme of the coastal habitat gradient. (Fig.  4) . The horizontal line indicates a point around 22 ‰, corresponding to TL4, including distinct species of marine mammals within a range of 3 ‰ below this limit.
Using the δ 15 N values from dentin layers having higher values over this limit, which likely correspond to feeding on marine mammals of the GC (n = 16 SL, Table 1 ), as well as those isotope values from marine mammals, Mobula spp., and some benthic sharks (Table 1) , which have been reported as prey of this species (Ford et al. 1998 , Herman et al. 2005 , we conducted a Bayesian SIAR (using a fractionation value of 2.7 ‰ derived from this study). All prey had similar average contributions in the diet of the orca (Fig. 5A) , with vaquita having a slightly higher probability of contribution in the range of 2.2 to 16.9%, followed by the sea lion (1 to 17.7%). We ran a second analysis without vaquita to test the position of the remaining species in the diet, since the vaquita is extremely reduced in numbers (~250 individuals; Gerrodette et al. 2011) and is localized in a small region around Rocas Consag in the upper GC. In this second model, the contribution of the sea lion in the orca diet increased to a range of 10.7 to 24%; however, a mixture of coastal and pelagic marine mammal species prevailed in the spectrum (Fig. 5B ). The 3 most abundant and frequent odontocetes in the GC showed a high degree of isotope overlap, with long-beaked common dolphins towards the offshore habitat and with a more re duced isotope space (Fig. 6) . Bottlenose dolphins included several individuals with enriched δ (Fig. 6) . The ANOVA indicated significant differences of δ 
DISCUSSION
In this study, a series of δ 13 C and δ
15
N values from distinct marine organisms and organic matter in POM from surface sediments were used to construct a trophic gradient and to estimate trophic levels and habitat preferences of marine mammals in the GC. In the case of marine mammals, all samples analyzed in this study were taken from bone and dentin tissues which were compared with isotope values derived from marine mammal skin samples reported in the scientific literature of the GC. Because isotope discrimination differs among distinct tissues of the same organism, it may bias both the estimate of trophic level and habitat preference between individuals or species when isotope values from distinct tissues are employed. Hobson et al. (1996) found that isotopic discrimination values between dietary herring (δ 13 C: −20.3 ± 0.7 ‰; δ 15 N: 13.0 ± 0.4 ‰) and distinct tissues of captive seal species varied for nitrogen from +1.7 to + 3.1 ‰ for blood and liver, respectively, and for carbon from + 0.6 to + 3.2 ‰ for liver and whiskers, respectively. Few studies have compared isotope discrimination between muscle or skin tissue with bone from the same individual. In humans, bone collagen was enriched relative to hair keratin from the same individual by +1.4 ‰ in δ 13 C and + 0.86 ‰ in δ 15 N, while isotopic comparisons of hair keratin and nail keratin showed no significant difference for both isotopes (O'Connell & Hedges 2001) . For fin whales, the mean discrimination value between krill and whale skin samples for δ 13 C was 1.28 ± 0.38 ‰ and 2.82 ± 0.3 ‰ for δ 15 N, whereas for bone, the values were 3.11 ± 0.27 ‰ and 2.03 ± 0.71 ‰, respectively (Borrell et al. 2012) . Considering the mean discrimination differences for δ 13 C between skin (1.28 ‰) and bone (3.11 ‰), the bias would be equivalent to 1.83 ‰. If we use this same isotopic bias for fin, blue, sperm, and pilot whales and the pelagic group of orcas, data that come from skin samples (Fig. 3) , it is likely that their position in the δ 13 C gradient would be located 1.8 ‰ more towards the nearshore isotope side than their actual position. This, however, would make no significant difference in the overall interpretation about habitat use by these species except in the case of the sperm whale, which would be considered a more pelagic species. The δ 13 C enrichment of sperm whales with respect to other pelagic odontocetes, which also may prey on Humboldt squid, is likely due to the difference in size of prey consumed. Larger odontocetes would prey on larger squid, which are enriched in δ 13 C compared to small squid. The mean δ 13 C en richment value of adult females and immature male sperm whales relative to small and large Humboldt squid ranged from 0.4 to 2.4 ‰ (Ruiz-Cooley et al. 2004 ).
In the case of the isotope discrimination for δ 15 N between skin (2.82 ‰) and bone (2.03 ‰), the bias would be expected to be much lower, since the difference between both tissues is equivalent to 0.79 ‰ and would have only a slight effect on the estimate and overall comparison of trophic level within a range of values from 14 to 25.8 ‰.
This study is the first attempt to estimate trophic level and habitat preferences of the marine mammal community in the GC using stable isotopes, which revealed a complex trophic structure ranging from TL3 to TL5, with most of the species around TL4. Many of the odontocetes use the pelagic habitat around the deep basins in the central and southern GC, where Humboldt squid is the most abundant prey species. A few species prefer the coastal habitat (California sea lions and vaquita) while some other species have ecotypes in each habitat (short-beaked common and bottlenose dolphins). The SIA and the particularly enriched δ 15 N of this trophic system allowed the differentiation of marine mammals that inhabit the GC almost permanently from others that are temporary visitors.
The presence of the oxygen minimum zone of the Eastern Tropical Pacific is a regional factor that enriches the values of δ 15 N in food webs in the GC. As an example, California sea lions in the GC are 8.7 ‰ more enriched in δ 15 N than Galapagos sea lions Zalophus wollebaeki, although both species have similar trophic levels (4.1 versus 4.4, respectively; Aurioles-Gamboa et al. 2009 ). This isotope difference may also be present in other marine mammals that travel from high or low latitudes and enter the GC for short periods. For instance, movements of sperm whales have been detected by photo-identification of individuals from the Galapagos Archipelago and the GC (Whitehead et al. 2008) .
Taking into account the enriched δ 15 N in the food web of the GC, we differentiated several species, including Tursiops truncatus, Delphinus delphis, D. capensis, and Mesoplodon peruvianus, with individuals residing for long periods in the GC from temporary visitors in the GC.
Trophic levels and habitats of marine mammals of the GC
Five trophic levels were clearly identified in the food web of the GC with an enrichment factor between trophic levels (Δ) of 2.7 ‰ for δ C is preferably used as a better indicator of habitat use of coastal and pelagic habitats, as has been confirmed in our study area, to track latitudinal differences, particularly within the Eastern Tropical Pacific, it appears to lack the resolution of δ 15 N. AuriolesGamboa et al. (2009) did not find significant δ 13 C differences among sea lions from the Galapagos, although the GC δ 15 N differences were significant. The decreasing trend in δ 15 N values from surface sediments from latitude 17° to 50°N along the North Pacific has been estimated to be about 1 ‰ for every 4° increase in latitude .
In accordance with this trend, bulk zooplankton δ 15 N values considered as TL2 ranged from 7.2 to 16.7 ‰ compared to the North Pacific Subtropical Gyre with values of 1.7 to 11.5 ‰ (Hannides et al. 2009 ), the highly productive Bering, Chukchi, and Beaufort Seas ranging from 5.8 ‰ (copepods) to 14.2 ‰ (chaetognaths; Schell et al. 1998) , or from specific components such as euphausiids, copepods, and decapods from the California Current pelagic zooplankton assemblage, ranging from 9.1 to 10.1 ‰ (Miller et al. 2010 ).
The enriched δ
15 N values in zooplankton from the GC are amplified in upper trophic levels as in the blue and fin whales and the whale shark placed at TL3. According to Del Angel-Rodríguez (1997), fin whales incorporate Pacific sardine in their diet, which explains the slightly higher trophic level for this species, while blue whales are strictly zooplankton feeders (Busquets-Vass 2008) . The Pacific sardine is the marine resource that produces the largest landings in the country (up to 500 000 t), with most of the production obtained in the GC (Del Monte-Luna et al. 2011) .
Farther up in the food web, a variety of fish and squid species occupy TL4, including the abundant Humboldt squid that sustains a local fishery (Morales-Bojórquez et al. 2001 ). This species is among the most common prey for pelagic pinnipeds and odontocetes in the GC (García-Rodríguez & AuriolesGamboa 2004 , Ruíz-Cooley et al. 2004 ). This species inhabits the pelagic waters of the central and southern GC with high abundance in summer (MoralesBojórquez et al. 2001) , making it more available for odontocetes such as sperm whales which occur in the GC during this period (Jaquet et al. 2003) . Feeding studies on the Humboldt squid indicate a diet principally composed of myctophids (Benthosema panamense and Triphoturus mexicanus), squid (Pterygioteuthis giardi), pelagic red crab Pleuroncodes planipes, and northern anchovy Engraulis mordax (Markaida & Sosa-Nishizaki 2003 , Markaida et al. 2008 . The myctophid species in particular seem to be an important link in the pelagic food web of the GC as reflected by their abundance and distribution (Aceves-Medina et al. 2004 , Sánchez-Velasco et al. 2009 ). Among the odontocetes with lower δ 13 C values indicative of pelagic habitats are the sperm whale, killer whale, Peruvian beaked whale, Cuvier's whale, Risso's dolphin, bottlenose dolphin, and shortand long-beaked common dolphins, which constitute a group of species that share the deeper waters of the GC where squids are more abundant.
By contrast, California sea lions from the upper GC and vaquita had the highest δ 13 C values, corresponding to species that forage in coastal waters, in agreement with previously reported stomach and fecal analyses (Silber et al. 1990 , Pérez-Cortés 1996 , García-Rodríguez & Aurioles-Gamboa 2004 . The vaquita is distributed in a discrete region of the upper GC between 10 and 50 m depth (Silber et al. 1994 , D'Agrosa et al. 2000 .
The particularly high δ 15 N values for these 2 coastal species may be influenced by their benthic feeding preferences, where fishes and crustaceans could be enriched by a combination of factors including the presence of marine plants that use ammonium and NO 3 enriched in δ 15 N which increased the δ 15 N value in their tissues and that enrich the upper trophic levels (Trimble & Macko 1997) , a higher food web complexity that may in clude up to 7 trophic levels (DeNiro & Epstein 1981) , and a greater abundance of bacteria in the murky waters enriching the NO 3 as a metabolic product which enters into the food web, increasing the δ15N value (Hoefs 2004) .
The orca was the top predator among the marine mammals of the GC. The killer whale is not a common odontocete in the GC (Guerrero-Ruiz et al. 2006 ) but occurs along the GC including the upper GC (Silber et al. 1994) . Orca attacks and feeding on blue and Bryde's whales Balaenoptera edeni have been documented for GC waters (Tarpy 1979 , Silber et al. 1990 . Newsome et al. (2009) reported the ontogenetic isotope analysis of 14 killer whales collected along the Eastern North Pacific between 1961 and 2003. The group, composed of resident and transient ecotypes, included a specimen (NMML79) which showed the highest average δ 15 N values of that series (22.5 ± 0.9 ‰), similar to the average 22.3 ± 1.5 ‰ obtained from the combination of dentin layers 13 to 43 in the specimen used in our study (Fig. 4) . Newsome et al. (2009) suggested that specimen NMML79 may have been feeding in the GC for most of its life. The present case along with specimen NMML79 analyzed by Newsome et al. (2009) supports the notion that transient orcas may migrate over large distances to feed on marine mammals, which in the case of the GC probably included both coastal and pelagic ecotypes.
Potential feeding overlap among pelagic odontocetes
A group of odontocetes including sperm, pilot, and beaked whales along with short-and long-beaked common dolphins and bottlenose dolphin showed close δ 15 N and δ
13
C values, suggesting a potential trophic overlap within the pelagic habitat. For the latter 3 species, this overlap may be higher, as the isotope values from both Delphinus species fell within the Tursiops truncatus isospace. These species are often seen along the GC in large mixed groups feeding on schooling fish. Díaz-Gamboa (2009) C values between sexes and age groups of D. capensis in the GC, concluding that the species shows use of coastal habits and increasing trophic level with age. Some of the specimens analyzed by those authors, however, showed δ 13 C values too enriched for marine mammal species of the GC (−9.6 and −9.9 ‰ for specimens ITESM-950331-2 and ITESM-950331-1, respectively). In our study, the most enriched δ 13 C values for a marine mammal in the GC were for Phocoena sinus, which varied between −10.6 and −12.3 ‰; thus it is likely that some of the D. capensis specimens sampled by Niño-Torres et al. (2006) came from outside the GC.
In another study, Mèndez-Fernandez et al. (2012) analyzed muscle of Tursiops truncatus and Delphinus delphis from the northwest coast of Spain, and also found lower δ 15 N and δ
C values in D. delphis (11.7 ± 0.6 ‰ and -17.0 ± 0.5 ‰) than in T. truncatus (12.6 ± 0.9 ‰ and -16.5 ± 0.8 ‰). The larger isotope space for T. truncatus in our study may reflect the use of the inshore and offshore habitats in the GC (Segura et al. 2006) , which has also been reported in other oceans (Hersh & Duffield 1990 , Baumgartner et al. 2000 . Riccialdelli et al. (2010) also found 2 ecotypes for Grampus griseus in the southwestern South Atlantic Ocean that we could not explore in our study due to limited sample size.
Marine mammal residence times in the GC
To confirm long periods of residence, bone and teeth are good target tissues, as they reflect the average isotopic values of the dietary protein over the last few years of an animal's life (Koch 2007 Zalophus californianus, Phocoena sinus, Tursiops trun catus and Balaenoptera physalus are residents in the GC as they have local populations, but other species reside seasonally in the GC as regular migrants, including blue (Gendron 1991 ), Bryde's (Tershy 1992 , Tershy et al. 1991 , and sperm whales (Jaquet et al. 2003) .
Within the marine mammals, there is a group composed mainly of odontocetes that exploit the pelagic habitat of the central and south GC regions. This poorly understood pelagic habitat is located between latitudes 28° and 23°N, where a series of deep basins create a near oceanic environment where squids are most abundant and represent a major prey for several marine mammals (Clarke 1996 , Santos et al. 2001 .
The coastal habitat is typically occupied by California sea lions, although some individuals may feed on squid and myctophids in open waters as interpreted by scat analysis (García-Rodríguez & Aurioles-Gamboa 2004) . Sea lions are widely distributed along the GC with a minimum population of 30 000 individuals (Szteren & Aurioles-Gamboa 2011) .
For the case of the transient killer whale, the multisource SIAR model suggested that sea lions could be their main prey in the GC, although the diet of killer whales must also include pelagic marine mammals, as their δ
13
C values were between the coastal Phocoena sinus and Zalophus californianus and the diverse group of pelagic odontocetes.
The pelagic habitat in the central and southern regions of the GC is where the major fisheries of Pacific sardine and Humboldt squid take place; thus it is important to expand the study of the feeding habits of the diverse marine mammal community in this area to eventually assess the biological interactions with pelagic fisheries. 
